~ 20 DEC. 1395 © 
AfdeUngOctroo\en__ 

19) Japanese Patent Agency 



-JT ft 52113 31& 



I / w m ^ ^ - » — ; - - — 

Official bulletin of publicly disclosed patents 
11) Public disclosure of patent application 52-113938 
43) Public disclosure September 24, 1977 



51) Int. CI. 2 Identification 52) Jap. 01. 
symbol 

C 07 C 69/82 16 0 61 

C 07 C 67/00 16 C 613 

16 C 616 



Number of internal 
registration 

6652-43 

6652-43 

6652-43 



Number of inventions 1 

Requests for examination not yet 

(6 pages in total) 



54) Method of recovery of dimethy lterephthalate 



21) Patent application 

22) Application 
72) Inventor 

72) Inventor 
72) Inventor 



71) Applicant 



74) Representative 



51-30798 
March 23, 1976 
. . FUNAKOSHI 

Iwakuni-shi, Otsu-machi 1 chome 28-6 
K<?). KURASHIRU(?) 

Iwakuni-shi, Otsu-machi 1 chome 28-2 
R. URASAK.I 

Iwakuni-shi, Yamate-machi 3 chome 
1-40 

Teijin Co. , Ltd. 

Osaka-shi, Higashi-ku, Minami-hom- 

machi 1 chome 11 

patent attorney S. MAE DA 



Best Available Copy 



Specification. 

1. Title of the invention. 

Method of recovery of dimethy lterephthalate . 

2. What is claimed. 

1 . A method of recovery of dimethy lterephthalate with the 
characteristic that a moulded product of a resin that contains 
polvester with poly ethy leneterephthalate as the main component 
and polyamide with poly- t-caproamide as the main component is 
depolymerized with methanol, and that subsequently, the dimeth- 
ylterephthalate that is produced is isolated and recovered. 

2. The method of recovery that has been described in § 1 of 
this claim with the characetrist ic that a moulded product of a 
resin is depolymerized with ethy leneglycol , and that then the 
ethyleneglycol ester of terephthalate that is produced and/or 
its oligomers are reacted with methanol. 

3. The method of recovery that has been described in § 1 or § 
2 of this claim with! the characetristic that the content of the 
terephthalic acid component in the moulded resin product is at 
least 10 wt%. 

3. Detailed description of the invention. 

This invention pertains to a method of recovery of dimethyl- 
terephthalate. With more details, it pertains to a method of re- 
covery of dimethylterephtbalate from moulded products of resins 
that contain at least a terephthalic acid component and an £,-ca- 
prolactam component. * 

The quantity of synthetic fiber products that is used in the 
world increases verv rapidly, and will now be about 5000.000 

tonnes / annum . The consumption of such synthetic fiber products 
of course causes production Of extremely large quantities of 
waste that originates in fiber products, and particularly in the 
cities of advanced countries and their surroundings, with a high 
number of inhabitants per unit of surface area and in addition a 
en/vh nroducts oer person, said waste is 



coupled with various other wastes, and outdistances the increase 
of the capacity, of waste treatment, and causes important social 
problems . 

With respect to methods of recovery of dimethy lterephthalate , 
that is useful for the industry, from such waste, in the past 
recovery from waste polyethyleneterephthalate has been widely 
investigated, but systems that contain a poly-f-caprolactam com- 
ponent have absolutely not been investigated. The reason is that 
it is thought that when poly-£-caprolactam is heated in the 
presence of alcohols, partial depolymerization and alkylatlon 
occur, and it is converted to oligomers that are soluble in al- 
cohols, and that these are mixed with the dimethy lterephthalate 
that is the aim, so that the decline of the quality thereof is 
remarkable. 

It has to be considered, however, that the waste contains a 
fairly large quantity of poly-t-eaprolactam products", and in 
fact the separation and removal of poly-t-carpolactam products 
from the waste is impossible, and discovery of the conditions of 
treatment of separation of the two of them would be very signif- 
icant for the industry. 

The present inventors paid attention to these problems, and 
achieved this invention with the discovery of a method for ex- 
tremely simple recovery of dimethylterephthalate that is useful 
for the industry, with, as the raw material, fiber products and 
other products that are discarded by the household, industry, 
corporations and others, and that hitherto were incinerated as 
products without any value, and particularly synthetic fibers 
from moulded resin products that contain polyester with polyeth- 
yleneterephthalate as the main component and polyamide with pol- 
y-2-caprolactam as the main component. That is to say that: this 

invention is * 

1) a method of recovery of dimethylterephthalate with the 
characteristic that a moulded product of a resin that contains 
polyester with polyethyleneterephthalate as the main component 

and polvamide with poly- t-caproamide as the main component, is 
depolymerized with methanol, and that subsequently, the dimeth- 
ylterephthalate that is produced is isolated and recovered, and 

2> is a method of recovery with the characteristic that the 
above mentioned moulded resin product is depolymerized with eth- 



vl.n.0lvool. -nd that then the etbyl.neglycol ester of tare- 
pnthalate that is produced and,or its oligomers are reacted with 

15 > rM is r.:;:: r^".^ re SP ect « ,™ 

There are no special nm-Li.<a .i^< 
t h. resin welded products that are the ob,ect of this inven- 
tion, and the, may h» an, of the so-calied yarn, ^, «- 
ceased yarn, cord or fabric. Knitted product, W. bed o ots, 
Knit-woven product, or non woven, and sheet shaped produc s 
Moreover, they mev aiso he dresses end other product, the, have 
been produced therefrom. 

Such moulded resin products may have, in their component, 
al ,o homo- or copolymer moulded product, of one or two or 
components, end may also he a mixture of guided products of 
compositions of homo- and copolymers. . 

The aim cf this invention, however, is the recovery of di- 
methyitarephthalate, and of course, moulded 

tain a t.rephth.lic acid component, are the object of th.s in- 

Ven «°pr.sent. the synthetic fiber product, that are in general 
s old commercially, often contain moulded products that consist 
of composition, with poiyethyleneter.phthalate a, the ma n com 
pon.nt mouided product, that consist of composition, with pol, 
■ t-caproamid. a, the main component, and moulded products that 
consist of compositions with poiyacrylamld. a, the »i, . compo- 
nent, but the moulded r.ein product, that are the ob,aot 
invention are those that contain at least 10 wt% or more nd 
preferably 20 wt* or more terephthalic acid component as the 
,cid, in the tot.l weight, end still more preferred xs the .. 
action of moulded products that contain 30 wt% or more. More- 
over, it is preferred that .the quantity of t-caproam 1 d. ,» 5-50 

wt% and preferably 5-40 wt%. 

moulded resin products that are the object of this xnven- 
tl o„ ma, cont.in. in addition to the above mentioned components 
als o component, such as cotton, lin.n, ecryl. ^l™ 1 "*' 
polyethylene, nylon 65, and in addition rayon, acetate and poly 

vi„ Ichloride etc. moreover, the abo tion.d moulded re n 

proLts me, also be one, thet contain various dy... pigments. 
! c end inorganic additive,, eftertr.atment .gents etc. 



The main object of the above mentioned polyester is polyeth- 

part of the leaprolacta. » W . n .« Ha, ..en substitute b, oth- 
.r polya-id. components or polyester 0O.pon.nt5. 

— - i : ^nr:; r;;:r.: ;r::r. :::: - - 

^Jlr 1 ""^.. for. and Stat, of sucH moulded r..in 

Moreover, oe Dre ferred to arrange 

th.. to a o.rt.in .t». «d Stat. for» discu „ ed bel „„, 

mg in ord.r to »ake th. treatment that win 

Sm0 ° T h.r. '-l- -in product,, with an arranged or not arrang- 
k ^t.d to a degradation trotamont (degradation 

rjr.;,":-:":"::,:,,.-,.-.. - 

, „l Th. reason for th. regulation of th. m.than.1 
othyl.neglycol. Th. reason t<> 
ouantity or ethyl.n.glycol quantity 1. in th. first p 
I" .L of th. of th. r.a.t.r, and on th. other ha nd 

als ;du. to tn. pomt of th. — -;< t ™ . ; m .; h . 

...thylt.r.phth.lat., and of th. purity of th. 

"Th.T.rio:with methanol or .thyl.n.glyooi usually - 
car ri.d out without a oataiyst, but if it is n.o.ss.r, for i. 

r-tr .r:;.r;:; rr^rr-rr =tr- 

improvement of the purixy 

th. colour of th. product, , catalyst may b. add.d. A. such 
.1,.*.. ...pounds Of metals such as iron, .ob.it ni.k.l CP 
p.r. ,ino, silicon, tin, m.gn..ium, ..1.1-. sodium and potassi 
1 sr. pr.f.rr.d. Particularly oxides, hydroxides, 
c. boxylat.. ar. pr.f.rr.d. As oxid.s. for £ V 

cb.ltoxid., copporoxid., siliconoxid., magn.siumoxide , 



Best Available Copy 



oxide, sodiumoxide and potassiurnoxide can be mentioned. More- 
over, in addition, phosphoric acid, py rophosphor ic acid, boric 
acid, boric acidanhydride and salts thereof can be used. 

A good quantity of use of these catalysts is 0.001-10 wt% to 
the methanol or ethyleneglycol , and preferably 0.01-5 wt%. 

In most cases, a high reaction temperature is preferred, be- 
cause in general the reaction velocity increases when the reac- 
tion temperature rises, but in this invention, this is not pre- 
ferred, because not only methanol and ethyleneglycol are consum- 
ed in side reactions such as ether formation in the temperature 
range above 3000 C, but also burning of the raw materials oc- 
curs. This is not wanted, because for instance the rate of re- 
covery and purity of dimethy lterephthalate decline when burning 
of the raw materials occurs. Consequently, the preferred range 
of the reaction temperature is 150-3000 c, and particularly the 
range of 170-2700 0. 

The reaction time is setlled in connection with the reaction 
temperature, and it is sufficient when a reaction of 5 hours is 
carried out at 1900 c, and 1 hour at 2500 c. 

In the execution of the depolymerization with methanol, the 
obtained reaction product is a mixture of dimethy lterephtabale 
and methanol and other methanol soluble matter, that contains 
undissolved matter, but in the presence of methanol, the dimeth- 
ylterephthalate is separated from this reaction mixture. It is 
particularly preferred to carry out the recovery by hot filtra- 
tion of the methanol solution of dimethy lterephthalate . If nec- 
essary, the adsorbed dimethylterephthalate is recovered from the 
undissolved matter by rinsing it with methanol. The processes of 
filtration and rinsing are preferably carried out at 500 C or 
higher to the reaction temperature. Particularly preferred is 
execution in the range fron* the boiling point of methanol to the 
reaction temperature. 

The thus obtained methanol solution of dimethylterephthalate 
is simply cooled, or, if necessary, the methanol is removed by 
distillation, and the crude dimethylteretphthalate is crystal- 
lized and recovered. 

The quantity of methanol that is removed in this case is such 
that the residue cobtains 1-95 wt%, and preferably 5-90 wt%, and 
-■•-■sn *.r»r*A nr«f erred 10-90 wt%, methanol. By this removal of 
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methanol and by crystallization, the yield of dimethylterephtha- 
late rises, and simultaneously, the purity of the product rises, 
and hereby, the quality, for instance the colour and the soften- 
ing point, of the polymers wherein the said dimethy lterephtha- 
late is used, are improved. Moreover, the purification in the a- 
bove mentioned purification process is simple, and creates an 
important advantage for the industry. 

By execution of distillation and recry stallization from meth- 
anol of the thus obtained crude dimethvlterephthalate, dimethyl- 
terephthalate with an extremely high quality is recovered. 

Moreover, in the case that depolymerization is carried out 
with ethyleneglycol, the obtained reaction product is a mixture 
of esters of terephthalic acid and oligomers thereof (below ab- 
breviated to BHET) , ethyleneglycol , and other matter that is 
soluble in ethyleneglycol, that also contains insoluble matter, 
and from such mixtures, BHET is isolated in the presence of eth- 
yleneglycol. It is particularly preferred to filter the ethy- 
leneglycol solution of BHET while it is hot. If necessary, the 
BHET that has been adsorbed to insoluble matter, may be washed 
with ethyleneglycol, and be recovered, and in addition, adsorbed 
BHET and ethyleneglycol may be recovered by pressure or by the 
operation of centrifugal separation. Such operations are prefei — 
ably carried out in a temperature range of reaction temperature 
to 200 c. The thus obtained ethyleneglycol solution of BHET is 
simply cooled, or > if necessary, BHET is recovered by removal of 
the ethyleneglycol by distillation. Or it is, without having 
been recovered, simply recovered as dimethy lterephthalata by 
methanolysis. 

From the viewpoint of the purity of the final product, it is 
preferred that BHET is recovered and purified, and that: subse^- 
quently methanolysis is carried out, but from, the viewpoint of 
production costs, it is preferred to simply submit the crude 
BHET to methanolysis. 

The ethyleneglycol solution of BHET after termination of the 
decomposition reaction is a system that contains an extremely 
large variety of insoluble matter, for instance nitrogen con- 
taining compounds such as polyamide and amines with a low molec- 
ular weight, and dyes and pigments, and various additives. 

-+huiftneolvcol solution of BHET, free ethyleneglycol 



is removed by distillation, and the concentration by weight of 
free ethylenegly col in the system 1-95 wt%, preferably 5-90 wt%, 
and most preferred 10-90 wt%. The thus prepared ethy leneglyool 
solution of BHET may be simply offered as such to methanoly sis , 
but methanolysis after isolation by crystallization is prefer- 
red . 

Moreover, it is not particularly necessary that the ethylene- 
glycol that is used in this invention has a high purity, and it 
may contain a small quantity of insoluble matter, such as aque- 
ous BHET. Moreover, the above mentioned reaction may be carried 
out in the' co-presence of compounds such as hydrocarbons, oth- 
ers, ketones and esters, that are liquids under the reaction 
conditions, and do not hamper the reaction. 

The methanolysis of BHET is carried out in the presence of 1- 
100 times, and preferably 1-50 times, and even more preferred 
1-30 times (by weight) as much methanol as BHET. The reaction 
can be carried out without a catalyst, but for the reaction ve- 
locity and the purity of the diroetbylterephthalate, a catalyst 
is added if necessary. 

As such catalysts, compounds of metals such as Li, Na, K, Mg, 
Ca, Sr, Ba, Ti , Zr, Cr, Mo, W, Mn, Fe, Co, Ni, Cu, Zn , Al , Si, 
Ge, Sn, Pb, La and Ce, and particularly compounds such as oxid- 
es, lower carboxylates , alcoxides and hydroxides, can be men- 
tioned. Or besides, phosphoric acid, boric acid and sulfonic ac- 
id etc. can be used. The quantity of catalyst that is used pre- 
ferably is 0.001 wt% to 10 wt% to the crude BHET. The reaction 
temperature is ca. 70 to ca. 3000 C, and preferably ca, 70 to 
ca. 2500 C, and more preferred is the temperature range of ca. 
70 to 2000 C. The higher the temperature, the higher the reac- 
tion velocity, but when it is too high, decomposition: of metha- 
nol occurs, and this has ap unwanted influence of the purity of 
the product . 

The reaction time depends in general on the* reaction tempera- 
ture, kind of catalyst, and quantity of use thereof, but as a 
rule, 10 hours is sufficient at a reaction temperature of 1500 
C, and 5 hours at 2000 C. Usually, about half of the above men- 
tioned reaction times is possible in the case that a catalyst is 
used . 

It is not necessary that the methanol that is used in this 



invasion is pun, It .ay contain a —» quantity of athyLna- 
olvcol, watar and di.sthyltar.phthal.t. ate. 

" 7b. dl..thylt.r.phthal.t. that i, obtainad by si.ply oooUna 
th. raaotion .ixtura that is obtainad by "^"'^ ^ 
naoaaaary. by ra.ovin 9 a part of th. -hanol b, diat Xat o , 
i, r.cov.rad. Tha traat.ant in this caa. is carrx.d out, sue 
ca.din, th. purification whan tha .ouldad raain product baa b.an 
dapolvroeriz.d with mathanol. 

Or th. abov. .antion.d purifi.d or crud. di„.th,lt.r.phtha- 
!at. -ay al.o b. conv.rt.d to t.r.pbtbalic acid by ax.cution 

hVd r.i y o:: S thi, inu.ntion i, ..Plainad furth.r by axamplas of „- 
.ouUon/but this invention is not U.itad to th. balow .ontio 
ad axa.pl., of axacution. in so far as tb. ran*, of th. ..... 

tials thereof is not exceeded. 

Example of execution 1 . 

Viator, of 200 a cotton-T.toron© ,35/65, fabric, 50 a ny- 
Xon 5 socKs, 50 a wor.tad acryl and 50 a cotton fabric war. 
broupht in a 11 autoclava, toa.th.r with 500 , ..thanol , an- 
r aact.d 5 hours at 230. O. and filt.r.d whil. still hot 150. 0. 
and th. r.,idu. was washad with 50 a .athanol. 300 B ..tb.no 
„„ .vaporatad, and tb. crystal, that bad s.p.r.t.d out aftar 
cooling to room t..p.ratura, w.r. filt.r.d off, and 
I ai fro. 1000 a ..th.no!. Wh.n th. obtained " 
lata was isolat.d by distillation, 90 „ fib.r a r.d. dx.alhylt. 
rephthalate was obtained. 

Examples of execution 2-10. 

Th. raaotion was carri.d out in th. .... way as in «-P 1. .f 
axacution 1 , but with addrtibn of 50 a of th. catalyst, that 
shown in tabl. 1, and subsa.u.ntly , tb. s... traat.ant a. in ax 
a.pl. of ,x.cution 1 was c.rriad out, with th. .xcaptxon that 
..action t..P.ratur. and ti.. w.r. v„i... *h„ t ... shown 
tabla 1. Tabla 1 also shows a summary of th. raaulta. 



Table 1 



example of 
execution 

2 
3 
4 
5 
6 
7 
8 
9 
10 



catalyst 



magnesiumoxide 
calciumacetate 
zinc oxide 
cobaltacetat e 
iron oxide 
phosphoric acid 
boric acid 
calciumoxide 
copper oxide 



reaction 

temperature / time 



200 
180 
250 
200 
210 
200 
230 
200 
200 



(0C>/2 

? 

/2 
/3 

w 



(hr) 



quantity of 

dimethyltere- 

phthalate 

98 
100 
95 
94 
96 
93 
99 
96 



Example of execution 11. 

500 q cotton-Tetoron^ (35/65) fabric, 100 g nylon 6 socks, 
100 g worsted acryl and 100 g cotton fabric were brought in a 3 
1 autoclave, together with 1000 g ethyleneglycol , and reacted 3 
hours at 2300 C, and filtered while still hot, 1500 c. The un- 
dissolved matter was washed with 200 g ethyleneglycol, and this 
was combined with the mother liquor. From the mother liquor, 700 
g ethyleneglycol was flash distilled, and the residue was cooled 
and separated out, and 420 g crude BHET were recovered by fil- 
tration . 

After 3 hours reaction of 100 g of this BHET with 500 g meth- 
anol and 0.5 g calciumhydroxide(?> at 1500 C, 200 g methanol 
were removed, and subsequently this was cooled, the dimethylte- 
rephthalate that separated out was filtered off, and again re- 
crystallized from 900 g methanol, and thereafter distilled. 62 g 
fiber grade dimethy Iterephthalate were obtained. 



Examples of execution 12-19. 

These were carried out in the same way as example of execu- 
tion 11, but as a whole, on 1/5 of the scale. In the ethylone- 
glycololysis, however, 1 g catalyst was used, and they were car- 
ried out with the reaction temperatures and times that are shown 
in table 2. 

Methanolysis and purification were carried out in the same 
way as in example of execution 11. The obtained dimethyltere- 
phthalates were in all cases fiber grade ones. The results are 
shown in table 2. 



Table 2. 

example of catalyst reaction 3?*2£hSU2L 

execution temger ature^txme p nt?iala?e (g) 

12 iron oxide 200 12 53 

13 magnesiumoxide 180 /o 

14 zinc acetate 220 /2 56 

15 phosphoric acxd 200 /1 59 

16 bariumoxide 200 12 54 

17 cerium acetate 200 /I o*5 

18 cobalt acetate 180 15 61 

19 copper oxide 200 /3 



Examples of execution 20-25. 

By execution in the same way as in example of execution 11, 
with the exception that 100 g BHET, that had been obtained in 
the same way as in example of execution 11, was used and that 
catalyst, reaction temperature and reaction time were changed as 
is shown in table 3, dimethy It erephthalat e was recovered. The 
results are shown in table 3. All dimethy Iterephthalates were 
fiber grade ones. 



Table 3 

example of catalyst/ reaction 9¥ an *i*Y 

execution quantity (g) * a ??8) a * Ur /{Sr? a ShtSKtJ a (g) 

20 lead acetate/0.5 150 /3 60 

21 cobalt acetate/0.5 150 /3 5B 

22 p-toluenesulfonic- 

K acid/1.0 180 /3 59 

23 zinc acetate/0.5 180 A3 50 

24 iron oxide/1.0 180 /3 63 

25 no catalyst 200 /3 57 
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